Abstract-The intent of this paper is to summarize and analyze the data and experience earned from a practical implementation of online language learning approach specifically targeted to Qur'anic Arabic learning. The foundation of this work is based on the fact that in the current world, almost 80% of the Muslims are non-native speakers/users of Arabic language. As a religious obligation, a part of the Arabic Qur'an must be memorized by each of them to recite during the formal prayers. While for native Arabic speaking people, it is relatively easy to understand, this approach of ours aims at achieving a level of understanding of the recited Arabic words even for the non-native users. The power of Information and Communications Technology (ICT) is effectively used in this domain. The experience could be expanded to cover other language learning approaches; however, our Web-based software does have some solid rationale-base to make it specific for Qur'anic Arabic only. Alongside presenting the gained results, we provide necessary backgrounds, theoretical analysis and modeling, and details about the practical implementation of the prototype. We discuss the design of different natural language processing algorithms for analyzing the Qur'anic corpus in order to identify and extract frequently occurring common language patterns to automate the production of educational material for the system. We also present some feedback of the user community built around the initial prototype which serves as a framework for capturing requirements from the world-wide user base (for each iteration) which is an essential component for the design based research methodology of the work.
INTRODUCTION
According to Pew Research Center's study, there are an estimated 1.6 billion Muslims around the world [1] . About 80% of them are non-Arab Muslims, which would constitute around 1 billion people in the globe today. This great number of people have a common need when seen from their religious faith's perspective -all of them need to individually learn Arabic language up to some level to memorize a part of Qur'an. The Qur'an is believed by Muslims as the preserved verbatim words of Allah (i.e., the Unique One God in Islam). As being such, only Arabic Qur'an is considered as the "Qur'an" and any translated version (in any other language) is not Qur'an but "Translated Qur'an".
A. Background and Problem Formulation
All Muslims, irrespective of being native or non-native speakers of Arabic, are obligated to use the Arabic Qur'anic words and verses in their formal prayers (i.e., salat). This obligation applies to every capable Muslim with the minimum required human faculties like, listening and speaking. This particular fact has created an extraordinary social phenomenon that often the non-Arab Muslims are taught the complex phonological rules of the Arabic language in the context of Qur'an alongside the "sounds" how to recite it. As learning the sounds does the minimum, many non-Arab reciters or users do not properly (or, at all) understand the meaning of what is being recited [2] . This has given rise to a demographic segment, who are consumers of Arabic language classes, language learning books, and software to overcome this specific language barrier. Some resources have been developed by this time to address this particular challenge that include books, courses, and lexical resources focusing primarily on teaching the Arabic language in the context of the Qur'an. It should be noted that Qur'anic Arabic is considered as the highest form of Arabic eloquence and grammar; hence, often there are differences between spoken or locally used Arabic and Qur'anic Arabic. Hence, the same Arabic word in Qur'an may have different meanings based on the context and period of revelation.
B. Language Learning Objectives and Target Demography
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Four basic language skills are distinguished in the field of second language learning. These are ordered along two dimensions [3] : (a) Modality: the auditory language mode versus the visual mode, and (b) Processing activity: encoding or decoding language. The learning outcome of the Target Demography (TD) in question is to perform decoding of the visual and auditory modalities -in other words, reading and listening comprehension. Partial visual decoding skills, ability to correctly generate a phonological representation of each word, are present in our TD to the effortless level of automaticity. The learner has to comprehend a new lexical item by establishing a new form-meaning connection. Comprehension problems are often caused by a formmeaning mismatch; sometimes because of faulty wordboundary identification or for insufficient lexical knowledge. Even if a learner identifies word boundaries correctly, if s/he might not have enough knowledge of its meaning, the recognition process would also fail. According to schema theory [4] , the TD has been exposed to formal schema and content schema from their childhood by listening to Friday sermons and religious speeches. Hence, the essential component missing is the linguistic schema, which is the primary impediment to comprehension.
The listening comprehension is a bit more challenging than the reading comprehension. This is because a characteristic of continuous speech is that speech contains no clear auditory equivalent of the inter-word white spaces that we find in written text [5] .
The lack of explicit word boundary markers and the distortions of word sounds due to assimilation and reduction are the reasons why words that are known by the language user when presented visually, are often not recognized when they are part of a continuous speech. Although, there are 10 different ways of reciting the Qur'an (in Arabic called "Qira'at"), the most common is Hafs on the authority of 'Asim, which has been used all over the Muslim world [6] . This wide spread adaptation of Hafs eliminates the complexity of diverse dialects associated with secondlanguage acquisition for the TD.
The rest of this paper is organized as follows: Section II states the motivation behind our work, Section III describes the design and implementation issues of the Web-based software along with the theoretical model, Section IV summarizes the experience earned with practical results and data, and finally, Section V concludes the paper.
II. MOTIVATION BEHIND THE WORK AND USE OF ICT
The main learning goal of the target demography (TD) is recalling a closed set of syntactic rules and vocabularies only in the context of the Qur'an so that they can create a lexical form-meaning connection to reconstruct a meaning in their native-language while reading or listening to the verses of the Qur'an. Hence, we hypothesize that the Behavioral theories of language learning (as opposed to Cognitive theories [7] ) can be applied to achieve this learning goal. With this assertion, we can map the language learning problem into a stimulus-response or form-meaning recognition/recall problem of a closed optimal set of syntactic rules and lexical items. This presents an opportunity to define intelligent rules for our system relating to stimulus factors such as language input, reward magnitude, number and timing of cues to the strengths of those intervening variables, and rules relating to those variables for empirical response measures.
Despite the availability of some resources for this purpose, according to our investigation, no empirical research has yet identified the learning environments and the unique learning requirements of the TD. This work aims to explore the possibilities of using automated extraction of linguistic patterns from annotated Qur'anic corpora and gathering user stereotypes in the creation of task models to be used in the design and development of an adaptive and intelligent system for collaborative learning [8] . This would help the TD of users recall a closed set of syntactic rules and vocabularies in the context of the Qur'an.
Based on these understandings, for the actual prototype or software implementation, instead of making the software suitable only for standalone computers, we wanted to reach as many people around the globe as possible using the power of the Internet. While theoretical foundation and model helped us advance through several systematic steps, the prototype has been launched for the use of anybody, anywhere with a standard Internet connectivity.
III. DESIGN AND IMPLEMENTATION DETAILS
The goal of our initial prototype [9] was to conduct an initial needs analysis of software that focuses on teaching the Arabic of the Qur'an and gather insights about the user-base and the system requirements. The initial implementation of the software was designed for accompanying the website: UnderstandQuran.com, which is maintained by Abdulazeez Abdulraheem [10] . The goal of UnderstandQuran.com is to teach the language of the Qur'an by mainly focusing on vocabulary and morphology of words, and some contextual syntax. The developer has produced lexical resources like "Dictionary of the Qur'an" and a word-list which accounts for 80% of the words in the Qur'an. Our initial prototype utilizes a subset of this wordlist to develop interactive software for learning the vocabulary of Qur'an. As according to Arabic grammar, the inflections of verbal forms are the most assorted, we have chosen the verbs as our initial dataset for this implementation. In grammar studies, inflection (also, written as "inflexion") is the modification of a word to express different grammatical categories such as tense, mood, voice, aspect, person, number, gender, and case.
The proposed system design (in Figure 1 ) can be divided into four different modules that should work together:
• Lexical pattern extraction module.
• Learner model update module.
• Social learning module.
• Presentation Module.
A. Lexical Pattern Extraction Module
This is an independent and offline module designed to facilitate the language expert to prepare relevant lexical items, their dependencies, and concordances in the format that can be used by the main system. The expert will have an interface where s/he can enter grammatical patterns for the system to extract those patterns from the corpora. S/he can also ask for clusters of lexical items with similar features for the system to generate from a certain segment of the corpus. Then, s/he would determine the validity of the lexical item and edit the presentation form for the learner depending on the grammatical patterns based on the Lexical Approach [11] . At this time, system will generate the transliteration of the particular item using the learner's native alphabet for the expert to verify. Implementation: We implemented the prototype Lexical pattern extraction module ( Figure 2 ) using C# programming language. This module was developed for preprocessing and generating data for the test and the learning module.
Extraction and Clustering of Verb Patterns: As one of the priorities of the proposal was to select and cluster lexical item according to the "Lexical Approach", we used the Qur'anic corpus to classify the verbs according to the patters of the Arabic grammar. Table 1 shows the distribution of all the derived forms of the verbs in the Qur'an [13] that were extracted from the corpus. As we can see, more than 52% verbs belong to form I. Table 2 shows the number of inflections of form I extracted from the corpus. In this table, column titles are abbreviations of grammatical person, gender and number, e.g., '3fpl' means "3rd person, female plural", '1sgl' means "1st person singular", '3mdual' means "3rd person male dual" (Arabic has dual as a separate number than plural). This was further subdivided into verbal patterns depending on the root [13] . Table 3 shows different verbal patterns of the third person, masculine, singular form in perfect tense and active voice. 
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Identifying Suitable Examples: One of the central problems of vocabulary learning, list-learning is the depth vs. breadth paradox [12] . Our goal is to provide examples which are good matches for the context in which the user will encounter a lexical item. Examples have been integral to the monolingual learner's dictionary (MLD) since the early efforts of Michael West and A.S. Hornby in the 1930s and '40s. The arrival of corpora in the early 1980s sparked a lively debate on the relative merits of 'made up' versus 'authentic' examples, and antagonists delighted in quoting the worst instances of each type. Some of the qualities of good learners' dictionary examples are:
• Sentence length: a sentence between 10-25 words long was preferred, with longer and shorter ones penalized.
• Word frequencies: a sentence was penalized for each word that was not amongst the commonest.
• Length: Since Arabic is an agglutinative language, even 2 tokens can be meaningful. An agglutinative language is a type of synthetic language with morphology that primarily uses agglutination -words are formed by joining phonetically unchangeable affix morphemes to the stem. Hence, instead of 10-25 tokens long, we chose 2-12 for our learners. If we use the original length of the verses of the Qur'an, we observe 60% of the verses are within the 2-12 word length (tokens separated by white space) with a complete meaning that would be a good learner-example.
Our goal was to automate the process of generating more learner-comprehensible examples within the abovementioned range by splitting the verses. In the written Qur'an, there are one-letter symbols which are called "waqf". Table 4 shows these symbols and how many times they appear in the Qur'an. Some of these symbols are there to guide the reciter of the Qur'an to stop at a meaningful place within the verse if they choose to; then taking a new breath to read the next word. By splitting the verses using these symbols in the corpus, we increased the number of shorter, complete, and comprehensible learner examples. After splitting the verses along the 'waqf' symbols, we used a part-of-speech tagged Qur'anic corpus [19] developed by a research team at the University of Leeds. In the corpus, they used a REM (Resumption particle) tag which denotes 'restart of meaning' within the verses. We selected the results of the 'waqf-split' which were longer than 12 words and then, applied heuristics to split these sequences using the REM tag to extract more 'learner comprehensible examples' within our desired length. On the second pass over the corpus, we used these tags to split examples which were longer than 12 words. Table 5 shows the result of the two splits and the increase in the number of learners' example to choose from. As can be seen, by splitting according to waqf and REM tags, we increase the number of 2-12 word learners' example from 60% to almost 90%.
Frequency: When more than one learner's examples fit the criteria of the length, independent frequency of each lemma of the words in an example was used to sort them. Since the goals of these examples are to teach vocabulary and not structure, the examples that give the learner highest lemma exposure were given priority. Hence, we chose the simple unigram model of the lemmas in an example to assign a probability to that example. This let us choose token sequences with the high frequency lemmas for easier comprehensibility for the target demography. This provides the learners with examples which have the most frequently used words. Each example was assigned a probability according to the equation:
i n w P w w w P (1) where w1 to wn represent the lemma of each word in the example and the probability was calculated as the multiplication of the probability of each lemma appearing in the corpus.
B. Learner Model Update Module
This is to update learner's memory model as he interacts with the system. Depending on the strength of each lexical item in the learner's memory model, this module would schedule the Learn, Review, and Test (LRT) operations in the most efficient way to guarantee that the user achieves the desired degree of learning within the desired time period. The scheduling and functionality of operations would adapt and change based on user's performance.
Implementation: The test module ( Figure 3 ) was implemented in the website: 80percentwords.com. The goal was to teach the different forms of the verbs and their meanings by using an online vocabulary game. While answering a question, the user could access an example of that word in the context of the Qur'an where s/he could learn the other meaning of the other individual words in the context promoting incidental vocabulary learning [17] . This was developed using Adobe Flex, so there was no installation footprint. Adobe Flex [18] was chosen at the time of development because of Adobe Flash player's 99% browser coverage in desktop environments.
More works on the learner memory model are to be done in the future.
C. Social Learning Module
The social learning module would integrate the system with social networking platforms like Facebook and Twitter: 1) to create a learners' community and 2) to motivate the learner. Integration with the social networking sites would show certain features of the performance of the users in the learner community.
The role of the social integration would be to provide feedback on a user's performance and comparison with the performances of other learners to stimulate social competition. In fact, social comparison and competition have proven to be very effective motivators for learners [15] . With this module, the system would make learning more gratifying [16] by:
• making it game-like, a mixture of challenge and fun,
• enhancing the feeling of success by providing constant feedback on performance, • communicating performance in peer community, and comparing performances among peers.
• Thus, positive competition in learning would encourage an online community to go ahead smoothly in achieving their goal. Implementation: To bootstrap a social learning community, implementation of a Qur'anic word-a-day, qwad.80percentwords.com component was introduced to increase user interaction. Each day, a word with its meaning and an example in the context of the Qur'an was sent to the user. The example had both the interlinear and phrase translation so that incidental vocabulary learning could occur. Implementation of this phase was automated by pre-populating a Wordpress blog with the relevant data and then, email notification was sent to the users using Feedburner and Facebook page. The Facebook page then posted the information to the Twitter feed. The initial user information was taken as a guideline and the word-aday component was re-implemented to support mobile devices.
Since the initial website was designed with a desktop browser as a requirement and the main component was built based on Adobe flash player, the new implementation had to be redesigned from scratch. Desktop user interaction elements like mouse-over and mouse-click had to be replaced with events like user-tap in a touch-screen environment. The variation in different mobile screen sizes had to be taken into account. This new site was designed based on the HTML5 infrastructure. The same push-infrastructure was used to deliver the content to the user's device as before.
D. Presentation Module
This module will utilize the context-aware data gathered from learner's device and customize the learning experience sensitive to learner history as well as the immediate cues of time, location, and motion. Context-aware computing has become an endeavor to the research of intelligent humanmachine interface in mobile computing [14] . Context here refers to the physical and social situation in which computational devices are embedded.
The first challenge is to identify different contexts due to the myriad of sensors and devices involved. The next step would be to interpret the data into useful abstractions, and finally, the need to store data for learning and refining the contextual presentations. This module is in the design state.
IV. EXPERIENCE EARNED: IMPLEMENTATION DATA
A. Creating User Community
We used email lists, forums, and Facebook pages to inform the potential users about our page. Other sites helped us spread the information for example, the original UnderstandQuran.com site and Oxford University Language Centre (http://www.lang.ox.ac.uk/links/arabic.html). The users of the site also helped us by posting about the site in their blogs, Facebook pages, and Twitter feeds. During the data collection period (July 2012 -September 2016) for the prototype, using Google Analytics, there were 82,655 unique visitors who visited the site and total number of pageviews during this period was 313,802. Because the whole page loaded as an Adobe Flex application, the user interaction with different quiz modules and examples was not counted as different pageviews by Google Analytics.
There were in average 3-4K users visiting our site per month. In the second phase of the project, the user visits doubled due to the word-a-day component and the social component integration. In the month of Ramadan over 10K users visited the site. When the word-a-day component was stopped, the monthly users dropped to the previous level. As of 22 September 2016, 8,366 users are part of the Facebook fan page and 1,685 users are subscribed via Feedburner.
B. User Demography
We gathered some basic demographic data from both the users who visited the site and the users who subscribed to the Facebook page. We have found a stark difference between the top 10 countries where the visitors came from and the top 10 countries of user-subscriptions. This refers back to our assumptions about the TD: the site visitors include a lot of incidental visitors but among the people who subscribed to the site, the majority are from Muslim-majority countries where the native language is not Arabic and the tradition of teaching children how to recite the Qur'an is very strong. Almost 80% of the subscribers are in the age range of 18-34. However, among that group, the age range of 18-24 constitutes about 50% of all the subscribers. This indicates that young people are early adopters of this technology. Figure 4 shows the user demography. 
C. User Environment
The user environments were predominantly desktop browsers because the Adobe Flash player was not supported on mobile devices during the prototype testing. The major shift we are seeing in the user behavior is towards mobile devices. Although, the site did not support mobile browsing, the percentage of visitors trying to access the site with mobile devices was gradually increasing. To get a remedy for this situation, we tested the third phase of the project: the word-a-day component built using HTML5 and CSS (Cascading Style Sheets) applying responsive design for different mobile devices. This showed similar increase in site visitors as the previous word-a-day phase.
D. User Perception
There were more than 1000 comments collected from the users, including emails, blog comments, Facebook comments, and forum replies. The overall response from the user community was very positive. We counted the Facebook likes and shares of our word-a-day module as positive feedback. This is different from our number of page likes which is a form of subscription on part of the user to receive our daily content. Since most of the written feedbacks consisted of more than one category of issues, we broke down the comments into parts which contributed to the count of the categories. Following are some of the issues and limitations related to usability and feature requests, which were one of the major goals of this phase of our project to create a user-base made-up of the target demography and to identify their needs and requirements. These two categories of comments constitute 33% of the overall feedback as shown in Figure 5 .
In almost 14% of the comments, the users wanted to store their progress information and share it online with their friends. The primary goal of our next prototype is to implement these two components. As it was an initial prototype, more than 17% of the comments had some element suggesting the lack of content. As a comprehensive analysis of the corpus was not done for the prototype, we used the Lexical Pattern Extraction Module on a subset of the corpus to extract content. In future implementation, by using the Lexical Pattern Extraction Module, we would like to generate more comprehensive material for the system. Around 43% of the comments asked for the mobile device implementation of the test module. This is in line with the global trend of user-shift from the desktop environment.
An interesting observation was: although we implemented the word-a-day component for mobile devices, the user-visits did not increase significantly much from the previous Adobe Flex implementation which was only accessible from the desktop environment. This is an important point to note because; although the number of Facebook page subscribers was increasing from the traffic source information of the word-a-day component, we see most of it was from emails sent through the Feedburner list. We believe this is due to the fact that if the user does not interact with a post of a fan page (i.e., engage, like, or share) after a while, it is removed from the main feed. This poses a challenge to design a more comprehensive integration with the social media in the next design cycle.
Around 6% another significant comment was the request for offline implementation of the software. This was due to the fact that the users situated in developing world did not have affordable access to Internet facilities.
Last but not least, around 20% of the comments included requests for different language implementation of the prototype which is a major limitation of our implementation. The highest language requests were for Urdu, Malay, French, and Turkish. Since most comments are combinations of different categories Figure 5 shows the general categories of the comments.
V. CONCLUSIONS In this paper we presented the design of different natural language processing algorithms for analyzing the Qur'anic corpus and the results of the analysis. We also presented some feedback of the user community that gives us new directions for the research from the real world setting. There are some practical limitations experienced from our implementation. A great number of people in the TD do not have basic or proper access to the Internet. Hence, even though the implementation was launched for online use, many of them cannot use this facility. A possible solution to this issue could be releasing a version of the software for standalone computers as well. Other limitations include the absence of support for visually impaired person, and diverse device and Operating System (OS) platforms. Keeping these directions of research in mind, we plan to come up with effective solutions in the coming days.
